TITLE OF THE INVENTION 



ELECTROPHOTOGRAPHIC IMAGE FORMING APPARATUS AND METHOD OF 

CONTROLLING DEVELOPMENT 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of Korean Patent Application No. 2003-1 51 95 filed 
with the Korea Industrial Property Office on March 11, 2003, the disclosure of which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates to an electrophotographic image forming apparatus, 
and more particularly, to an electrophotographic image forming apparatus and a method of 
controlling development by obtaining information concerning consumable replacement, 
controlling the thickness of a developer on a surface of a developing roller, and controlling the 
quantity of development on a surface of a photosensitive medium. 

2. Description of the Related Art 

[0003] In general, an electrophotographic image forming apparatus, such as a copier or 
laser printer, is an apparatus in which an electrostatic latent image is formed on a 
photosensitive medium, such as a photosensitive drum or photosensitive belt, the electrostatic 
latent image is developed by predetermined color developers, and the developed image is 
transferred to a sheet of print paper so that a desired image can be obtained. 

[0004] Such electrophotographic image forming apparatuses are classified into dry type ones 
and wet type ones according to developers used therein. A powder toner is used as a developer 
in the dry type ones and a liquid developer made by mixing a liquid carrier and a toner is used in 
the wet type ones. 

[0005] FIG 1 is a diagram schematically illustrating a structure of a conventional 
electrophotographic image forming apparatus. 

[0006] Referring to FIG. 1 , the conventional electrophotographic image forming apparatus 
has a photosensitive medium 10, a charging roller 20, an exposure unit 30, a developing roller 
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40, a supplying roller 50, and a transfer roller 60. 

[0007] The photosensitive medium 10 has a structure in which a photosensitive film 12 is 
formed around the outer circumference of a metallic drum 11 . A surface of the photosensitive 
medium 10 is charged to a predetermined voltage by the charging roller 20, and an electrostatic 
latent image is formed by light illuminated by the exposure unit 30 on the charged surface of the 
photosensitive medium 10. In addition, a charge eraser 14 discharging charges on the surface 
of the photosensitive medium 10, and a cleaning blade 16 removing a remaining toner from the 
surface of the photosensitive medium 10 are disposed in the vicinity of the photosensitive 
medium 10. 

[0008] A predetermined color developer of color developers, for example, a toner, is applied 
by the developing roller 40 to the electrostatic latent image formed on the surface of the 
photosensitive medium 10, and, accordingly, the electrostatic latent image is developed as a 
desired image. At this time, the toner is supplied by the supplying roller 50 from a developer 
container 52 to a surface of the developing roller 40, and then is transferred to the surface of the 
photosensitive medium 10 by the developing roller 40. Such transfer of the toner is achieved by 
a first potential difference between the supplying roller 50 and the developing roller 40 and a 
second potential difference between the developing roller 40 and the electrostatic latent image 
formed on the surface of the photosensitive medium 10. 

[0009] The developed image on the surface of the photosensitive medium 10 is transferred to 
a print paper P by the transfer roller 60. 

[0010] However, in the conventional image forming apparatus having the above-described 
structure, as the accumulated total number of printed papers increases, the quantity of the toner 
contained in the developer container 52 decreases, and characteristics of the photosensitive 
film 12 formed on the surface of the photosensitive medium 10 deteriorate. In addition, a 
thickness of the photosensitive film 12 is gradually reduced since the surface of the 
photosensitive medium 10 is abraded by the blade16 cleaning the surface of the photosensitive 
medium 10. When the quantity of the toner contained in the developer container 52 decreases 
as mentioned above, the quantity of the toner supplied from the supplying roller 50 to the 
developing roller 40 is decreased. When the characteristics of the photosensitive film 12 
deteriorate, an exposure potential of the electrostatic latent image is changed. When the 
thickness of the photosensitive film 12 is reduced, a capacitance of the photosensitive film 12 is 
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changed, thereby changing a developing current. When the quantity of development on the 
surface of the photosensitive medium 10 is changed, there occurs a problem in that 
concentration of the image transferred to the print paper P becomes inhomogeneous, and the 
quality of an image deteriorates. Here, the quantity of development is defined as the quantity of 
a developer per unit area of the surface of the photosensitive medium 10. 

[0011] Therefore, in the conventional electrophotographic image forming apparatus, even 
when the quantity of the toner decreases, or the characteristics of the photosensitive film 12 
deteriorate, the quantity of development needs to be controlled so that homogeneous 
concentration of an image can be obtained. In addition, it is necessary to detect whether or not 
the toner is exhausted, whether the thickness of the photosensitive film 12 is decreased, and 
the likeso that the developer container 52 can be replenished with new toner and the 
photosensitive medium 10 can be replaced with a new one in advance. 

[0012] Although apparatuses and methods of controlling the quantity of development and 
obtaining information concerning replacement of consumables have been proposed, the 
apparatuses and methods have drawbacks in that they require many sensors and devices and 
complex processes. 

SUMMARY OF THE INVENTION 

[0013] To solve the above-described and/or other problems, it is an object of the present 
invention to provide an electrophotographic image forming apparatus and a method which are 
capable of measuring a developing current flowing between a developing roller and a 
photosensitive medium so that information concerning replacement of the photosensitive 
medium and a developer can be obtained by one or more values of the measured developing 
current, and controlling the thickness of the developer formed on the surface of the developing 
roller and the quantity of development on the surface of the developing roller. 

[0014] Additional aspects and/or advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

[0015] Accordingly, to achieve the above and/or other aspects of the present invention, there 
is provided an electrophotographic image forming apparatus comprising: a photosensitive 
medium; a charging unit to charge a surface of the photosensitive medium to a uniform 
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(charged) potential; an exposure unit to scan light over the surface of the photosensitive 
medium to form an electrostatic latent image on the surface of the photosensitive medium; a 
developing roller to develop the electrostatic latent image by applying a developer to the 
electrostatic latent image; a developer supplying roller to supply developer to the developing 
roller; a transfer unit to transfer the developed image on the surface of the photosensitive 
medium to a sheet of print paper; a current measuring unit to measure a developing current 
flowing between the developing roller and the photosensitive medium; and a controlling unit to 
calculate a value representing at least one of the thickness of a photosensitive film of the 
photosensitive medium, the thickness of the developer on the surface of the developing roller, 
and the quantity of development on the surface of the photosensitive medium using the 
measured developing current, and then displaying information concerning replacement of 
consumables or controlling development parameters on the basis of the calculated value. 

[0016] According to another aspect of the present invention, the current measuring unit is a 
current measuring circuit provided between the developing roller and a developing power 
source applying a developing potential to the developing roller. 

[0017] According to yet another aspect of the present invention, the current measuring unit 
may measure values representing developing currents in three modes, respectively, the three 
measured values of the developing currents may be used in the controlling unit to calculate the 
thickness of the photosensitive film of the photosensitive medium, the thickness of the 
developer on the surface of the developing roller, and the quantity of development on the 
surface of the photosensitive medium. 

[0018] According to still another aspect of the present invention, the controlling unit includes: 
a CPU which calculates desired values using at least one of the three measured values of the 
developing currents, decides whether the consumables must be replaced by comparing the 
calculated values with preset standard values, and controls the development parameters; a 
memory portion to store a lookup table having the preset standard values to be referenced by 
the CPU; and a display portion to display information concerning replacement of the 
consumables according to decisions of the CPU concerning whether or not the consumables 
must be replaced. 

[0019] According to still another aspect of the present invention, the information concerning 
replacement of the consumables may include first information concerning replacement of the 
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photosensitive medium and second information concerning replacement of the developer, and 
the development parameters may include a developer supply vector and a development vector. 

[0020] In addition, to achieve the above and/or other aspects of the present invention, there 
are provided various methods of controlling development in an electrophotographic image 
forming apparatus. 

[0021] In order to achieve the above and/or other aspects of the present invention, there is 
provided a method of controlling development in an electrophotographic image forming 
apparatus, the method comprising measuring a value representing a developing current flowing 
between a photosensitive medium and a developing roller in a state in which a surface of the 
photosensitive medium is charged to a charged (uniform) potential using a developing potential 
applied to the developing roller; calculating a capacitance of the photosensitive medium using 
the measured value of the developing current, the charged potential, and the developing 
potential; calculating the thickness of a photosensitive film of the photosensitive medium using 
the capacitance; comparing the thickness of the photosensitive film with a preset allowable 
minimum thickness; and displaying information concerning replacement of the photosensitive 
medium with a new one when the thickness of the photosensitive film is smaller than the 
allowable preset minimum thickness. 

[0022] In order to achieve the above and/or other aspects of the present invention, there is 
also provided a method of controlling development in an electrophotographic image forming 
apparatus, the method comprising measuring a value representing a developing current flowing 
between a photosensitive medium and a developing roller in a state in which a surface of the 
photosensitive medium is charged to a charged (uniform) potential using a developing potential 
and a developer supplying potential applied to the developing roller and a developer supplying 
roller, respectively, so that a developer can be supplied to a surface of the developing roller; 
calculating a potential of the developer on the surface of the developing roller using the 
measured value of the developing current, the charged potential, the developing potential, and a 
capacitance of the photosensitive medium; calculating a thickness of the developer on the 
surface of the developing roller using the potential of the developer; comparing the thickness of 
the developer with a preset allowable minimum thickness; and displaying information 
concerning replacement of the developer when the thickness of the developer is smaller than 
the preset allowable minimum thickness. 
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[0023] According to another aspect of the present invention, after displaying of the 
information, the method further comprises: deciding whether t the thickness of the developer is 
within a preset standard thickness range when the thickness of the developer is the same as or 
thicker than the allowable minimum thickness; and controlling a developer supply vector so that 
the thickness of the developer can be within the standard thickness range when the thickness of 
the developer is out of the standard thickness range. 

[0024] According to another aspect of the present invention, in the controlling operation of 
the developer supply vector, the developer supply vector is controlled by controlling the 
developer supplying potential. 

[0025] According to another aspect of the present invention, in the controlling operation of 
the developer supply vector, the developer supply vector may be controlled using data 
concerning variations in the thickness of the developer with increase and decrease of the 
developer supply vector, wherein the data are stored in advance in a lookup table. 

[0026] In order to achieve the above and/or other aspects of the present invention, there is 
also provided a method of controlling development in an electrophotographic image forming 
apparatus, the method comprising measuring a value representing a developing current flowing 
between a photosensitive medium and a developing roller in a state in which an electrostatic 
latent image is formed on the surface of the photosensitive medium, a developing potential and 
a developer supplying potential are applied to the developing roller and a developer supplying 
roller, respectively, to supply the developer to the surface of the developing roller so that the 
developer can be attached to the electrostatic latent image; calculating an exposure potential of 
the electrostatic latent image using the measured value of the developing current, the 
developing potential, the potential of the developer, and the capacitance of the photosensitive 
medium; calculating the quantity of development on the surface of the photosensitive medium 
using the exposure potential; deciding whether or not the quantity of development is within a 
preset standard range; and controlling a development vector so that the quantity of development 
can be within the standard range when the quantity of development is out of the standard range. 

[0027] According to another aspect of the present invention, after the calculating of the 
exposure potential, the method further comprises comparing the exposure potential with a 
preset allowable maximum potential; and displaying information concerning replacement of the 
photosensitive medium when the exposure potential is greater than the allowable maximum 
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potential. 



[0028] According to another aspect of the present invention, in the controlling of the 
development vector, the development vector is controlled by controlling the developing 
potential. 

[0029] Further, in the controlling of the development vector, the development vector may be 
controlled by using data representing variations in the quantity of development with respect to 
increase and decrease of the development vector, wherein the data is stored in advance in a 
lookup table. 

[0030] In order to achieve the above and/or other aspects of the present invention, there is 
also provided a method of controlling development in an electrophotographic image forming 
apparatus, the method comprising measuring developing currents flowing between a 
photosensitive medium and a developing roller in three modes, respectively; calculating a 
capacitance of the photosensitive medium, the potential of a developer on a surface of the 
developing roller, and an exposure potential of an electrostatic latent image using measured 
values of the developing currents; calculating a thickness of a photosensitive film of the 
photosensitive medium, the thickness of the developer on the surface of the developing roller, 
and the quantity of development on the photosensitive medium using values calculated in the 
calculating operation; (d) comparing the thickness of the photosensitive film with a preset 
allowable minimum thickness of the photosensitive film and comparing the thickness of the 
developer with a preset allowable minimum thickness of the developer; displaying information 
concerning replacement of the photosensitive medium when the thickness of the photosensitive 
film is less than the allowable minimum thickness of the photosensitive film, and displaying 
information concerning replacement of the developer when the thickness of the developer is 
less than the allowable minimum thickness of the developer; deciding whether or not the 
quantity of development is within a preset standard range; and controlling a development vector 
so that the quantity of development can be within the standard range when the quantity of 
development is out of the standard range. 

[0031] Here, the three modes may comprise: a first mode in which a surface of the 
photosensitive medium is charged to a charged (uniform) potential, and a developing potential is 
applied to the developing roller; a second mode in which a developer supplying potential is 
applied to a developer supplying roller so that the developer can be applied to the surface of the 
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developing roller in addition to the state of the first mode; and a third mode in which an 
electrostatic latent image is formed on the surface of the photosensitive medium so that the 
developer can be attached to the electrostatic latent image in addition to the state of the second 
mode. 

[0032] According to another aspect of the present invention, after the calculating operation, 
the method further comprises comparing the exposure potential with a preset allowable 
maximum potential; and displaying information concerning replacement of the photosensitive 
medium when the exposure potential is greater than the allowable maximum potential. 

[0033] According to yet another aspect of the present invention, after the displaying 
operation, the method further comprises deciding whether or not the thickness of the developer 
is within a preset standard thickness range when the thickness of the developer is the same as 
or thicker than the allowable minimum thickness; and controlling a developer supply vector so 
that the thickness of the developer can be within the standard thickness range when the 
thickness of the developer is out of the standard thickness range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] These and/or other aspects and advantages of the present invention will become 
apparent and more readily appreciated from the following description of the embodiments, taken 
in conjunction with the accompanying drawings of which: 

[0035] FIG. 1 is a diagram schematically illustrating a structure of a conventional 
electrophotographic image forming apparatus; 

[0036] FIG 2 is a diagram illustrating a structure of an electrophotographic image forming 
apparatus according to an embodiment of the present invention; 

[0037] FIG. 3 is a diagram illustrating conditions for measuring a developing current in a first 
mode of a method of controlling development according to another embodiment of the present 
invention; 

[0038] FIG. 4 is a flowchart illustrating the first mode of the method of controlling 
development according to the embodiment of FIG 3; 

[0039] FIG 5 is a diagram illustrating conditions for measuring a developing current in a 
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second mode of a method of controlling development according to another embodiment of the 
present invention; 

[0040] FIG 6 is a flowchart illustrating the second mode of the method of controlling 
development according to the embodiment of FIG 5; 

[0041] FIG 7 is a diagram illustrating conditions for measuring a developing current in a third 
mode of a method of controlling development according to another embodiment of the present 
invention; and 

[0042] FIG 8 is a flowchart illustrating the third mode of method of controlling development 
according to the embodiment of FIG 7. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0043] The present invention can be applied to both dry type and wet type image forming 
apparatuses. However, as a matter of convenience of description, the present invention will be 
described basically by describing a dry type image forming apparatus using a powder toner as a 
developer. Reference will now be made in detail to the embodiments of the present invention, 
examples of which are illustrated in the accompanying drawings, wherein like reference 
numerals refer to the like elements throughout. The embodiments are described below in order 
to explain the present invention by referring to the figures. 

[0044] FIG. 2 is a diagram illustrating a structure of an electrophotographic image forming 
apparatus according to an embodiment of the present invention. 

[0045] Referring to FIG 2, the electrophotographic image forming apparatus has a 
photosensitive medium 110, a charging unit, an exposure unit 130, a developing roller 140, a 
developer supplying roller 150, a transfer unit, a current measuring unit and a controlling unit 
180. 

[0046] The photosensitive medium 110 has a structure in which a photosensitive film 112 
made of a photosensitive material is formed on an outer circumferential surface of a metallic 
drum 111, and the metallic drum 111 is electrically biased or grounded. In addition, although the 
drum shaped photosensitive medium 110 is used in this embodiment, the photosensitive 
medium 111 is not limited to a drum type photosensitive medium, and a belt type photosensitive 
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medium may be used alternatively. 

[0047] In addition, in the vicinity of the photosensitive medium 110, a charge eraser 114 to 
erase any charge remaining on a surface of the photosensitive medium 110, and a cleaning 
blade 116 to clean the surface of the photosensitive medium 110 are disposed. 

[0048] The charging unit is a device to charge the surface of the photosensitive medium 110 
to a predetermined potential, for example, 900 volts. Hereinafter, a surface potential of the 
photosensitive medium 110 is referred to as a charged potential V C ha- In this embodiment, a 
charging roller 120 is used as the charging unit to supply a charge to the photosensitive medium 
110 while rotating together with an outer circumferential surface thereof contacting the surface 
of the photosensitive medium 110. Otherwise, a wire generating corona may be used as the 
charging unit instead of the charging roller 120. A charging power source 122 is connected to 
the charging roller 120. 

[0049] The exposure unit 130 is a device to scan a light beam on the surface of the 
photosensitive medium 110 to form an electrostatic latent image. When a light beam is scanned 
on the surface of the photosensitive medium 110, the potential of the scanned surface is 
dropped to about 0-100 volts. Therefore, while the potential of an area of the surface of the 
photosensitive medium 110 which is not exposed to the light beam remains at the charged 
potential V C ha, i.e., 900 volts, the potential of an exposed area, i.e., the area of the electrostatic 
latent image, is about 0-100 volts. Hereinafter, the potential of the electrostatic latent image is 
referred to as an exposed potential Vexp- 

[0050] The developing roller 140 is a device which applies a developer, for example, toner, to 
the electrostatic latent image formed on the surface of the photosensitive medium 110 so as to 
develop the electrostatic latent image. A developing potential V DEV of about 400 ~ 500 volts is 
applied from a developing power source 142 to the developing roller 140. The toner on a 
surface of the developing roller 140 is moved to the electrostatic latent image by a potential 
difference between the developing potential V DEV and the exposed potential Vex P . The potential 
difference between the developing potential V DEV and the exposed potential V EXP is defined as a 
development vector V D . 

[0051] The developer supplying roller 150 is a device which is installed in a developer 
container 154 to be rotated to supply the toner contained in the developer container 154 to the 
developing roller 140. A toner supplying potential V SU p of about 500 ~ 700 volts is applied from 
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a power supply source 152 to the developer supplying roller 150. The toner contained in the 
developer container 154 is attached to the surface of the developing roller 140 by a potential 
difference between the developing potential V DE v and the toner supplying potential V S up. The 
potential difference between the developing potential V D ev and the toner supplying potential 
V SU p is defined as a toner supply vector V s . 

[0052] In addition, though this embodiment is described on a basis in which the toner is 
positively charged, the toner may be negatively charged as well. When the toner is negatively 
charged, the above-mentioned charged potential V CH a, exposed potential Vexp, developing 
potential V DEVl and toner supplying potential V S up all have negative values. 

[0053] As described above, the transfer unit is a device to transfer a developed image on the 
surface of the photosensitive medium 110 to a print paper sheet P, and a transfer roller 160 may 
be used as the transfer unit as shown in FIG 2. 

[0054] Further, the transfer unit may have an intermediate transfer belt (not shown). In this 
case, after the developed image on the surface of the photosensitive medium 110 is primarily 
transferred to the intermediate transfer belt, the transferred image on the intermediate transfer 
belt is transferred to the print paper sheet P by the transfer roller 160. In particular, an image 
forming apparatus to print a colour image usually has the intermediate transfer belt as a 
member of the transfer unit. In this case, a plurality of photosensitive mediums are arranged in 
series along a travel direction of the intermediate transfer belt, and charging units, exposure 
units, developing rollers, and toner supplying rollers are also disposed adjacent to respective 
ones of the photosensitive mediums. 

[0055] The current measuring unit is a unit to measure a developing current I D ev flowing 
between the developing roller 140 and the photosensitive medium 110. In this embodiment, a 
current measuring circuit 170 is provided between the developing roller 140 and the developing 
power source 142 that applies the developing potential V DEV to the developing roller 140. 
Preferably, the current measuring circuit 170 measures developing current l DEV values in three 
modes, respectively, and the measured developing current I D ev values are transmitted to the 
controlling unit 180. The three modes will be described in detail later. 

[0056] According to the developing current I D ev values measured at the current measuring 
circuit 170, the controlling unit 180 calculates at least one of a thickness of the photosensitive 
film 1 1 2 of the photosensitive medium 1 1 0, a thickness of the toner on the developing roller 1 40, 
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and the quantity of development on the surface of the photosensitive medium 110. The quantity 
of the development is defined as the quantity of the toner per unit area of the electrostatic latent 
image formed on the surface of the photosensitive medium 110. Subsequently, the controlling 
unit 180 displays information concerning replacement of consumables or controls development 
parameters depending on the calculated value. The information concerning replacement of the 
consumables may include information concerning replacement of the photosensitive medium 
110 and the toner. In addition, the development parameters may include the toner supply vector 
V s and the development vector V D . When the toner supply vector V s is controlled, the thickness 
of the toner on the developing roller 140 can be controlled, and when the development vector V D 
is controlled, the quantity of development can be controlled. 

[0057] To this end, the controlling unit 180 may include a CPU 182, a memory portion 183, 
and a display portion 184. Signals corresponding to the measured developing current l DE v 
values measured at the current measuring circuit 170 are inputted to the CPU 182 via an A/D 
converter 181. The CPU 182 calculates a capacitance C 0 pc of the photosensitive medium 110, 
a toner potential V T on on the surface of the developing roller 140, and the exposure potential 
V E xp of the surface of the photosensitive medium 110 by using the measured developing current 
Idev values. Subsequently, the CPU 182 calculates the thickness of the photosensitive film 112, 
the thickness of the toner, and the quantity of development using the capacitance C 0 pc, the 
toner potential V TO n, and the exposure potential Vexp- In addition, the CPU 182 determines 
whether or not the consumables must be replaced by comparing the calculated values with 
predetermined reference values, and controls the development parameters. The memory 
portion 183 stores a lookup table having the reference values to be inputted to the CPU 182, 
and the display portion 184 displays information concerning replacement of the consumables 
according to determinations of the CPU 182 concerning whether or not the consumables must 
be replaced. A development-parameter controlling signal is transmitted from the CPU 182 to the 
power supply source 152 or the developing power source 142 via a D/A converter 185. 

[0058] Now, in the image forming apparatus having the above-described structure, the three 
modes of a method of controlling development according to the present invention will be 
described. The three modes of the method of controlling development may be performed 
separately, or two or three modes may be performed together. 

[0059] FIG. 3 is a diagram illustrating conditions for measuring a developing current in a first 
mode of the method of controlling development according to an embodiment of the present 
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invention, and FIG. 4 is a flowchart illustrating the first mode of the method of controlling 
development according to FIG. 3. In the first mode of the method of controlling development 
according to FIG 3, a developing current I D evi is measured and the thickness of the 
photosensitive film 112 of the photosensitive medium 110 is calculated, and thereby information 
concerning replacement of the photosensitive medium can be obtained. 

[0060] Referring to FIGS. 2, 3 and 4, in the first mode, the surface of the photosensitive 
medium 110 is charged by the charging roller 120 up to the charged potential V CH a of about 900 
volts, and the developing potential V DEV of about 400 ~ 500 volts is applied to the developing 
roller 140. At this time, since the exposure unit 130 is in an off state, an electrostatic image is 
not formed on the photosensitive medium 110, and since any potential is not applied to the 
developer supplying roller 150, toner is not supplied to the surface of the developing roller 140. 
In addition, the developing current I D evi flows from the photosensitive medium 110 having a 
higher potential to the developing roller 140. In such a state of the first mode, a value 
representing the developing current I D evi flowing between the photosensitive medium 110 and 
the developing roller 140 is measured at the current measuring circuit 170 in operation S11. 

[0061] The measured value of the developing current l DEV is inputted to the CPU 182 via the 
A/D converter 181. The CPU 182 calculates the capacitance C 0P c of the photosensitive 
medium 110 by using the measured value of the developing current 'devi and the known values 
of the charged potential V CH a and the developing potential V D ev according to the following 
Equations (1) and (2) in operation S12. 

Idevi = Copc x (Vqha - Vdev) ( 1 ) 

Copc = (Vcha - Vdev) I Idevi (2) 
[0062] The calculated capacitance C 0 pc is proportional to a surface area A of the 
photosensitive film 112 and is inversely proportional to a thickness d of the photosensitive film 
112 as shown in the following Equation (3). That is, as the thickness d of the photosensitive film 
112decreases due to abrasion by the cleaning blade 116 and the like, the capacitance C 0P c 
increases. In the following Equation (3), e is a permittivity constant of the photosensitive film 
112. 

C 0 Pc = zA/d (3) 
[0063] Therefore, the thickness d of the photosensitive film 112 can be calculated using 
Equation (3) with a value of the capacitance C 0 pc in operation S13. 
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[0064] Next, the thickness d of the photosensitive film 112 is compared with an allowable 
minimum thickness of the photosensitive film 112 specified in the lookup table stored in the 
memory portion 183 in operation S14. 

[0065] When the thickness d of the photosensitive film 112 is less than the allowable 
minimum thickness, information concerning replacement of the photosensitive medium 110 is 
displayed via the display portion 184 so as to inform a user of a replacement time of the 
photosensitive medium 110 in operation S15. 

[0066] On the other hand, when the thickness d of the photosensitive film 112 is the same as 
or greater than the allowable minimum thickness, the first mode of the method of controlling 
development according to the present invention is ended, and subsequently a normal printing 
job begins, or a second mode of the method of controlling development according to the present 
invention is performed. 

[0067] FIG. 5 is a diagram illustrating conditions for measuring the developing current in a 
second mode of the method of controlling development according to another embodiment of the 
present invention, and FIG. 6 is a flowchart for describing the second mode of the method of 
controlling development according to the present invention. In the second mode of the method 
of controlling development and a developing current l DEV 2 is measured, the thickness of the 
toner on the surface of the developing roller is calculated, and thereby information concerning 
replacement of the toner can be obtained and the toner supply vector V s can be controlled. 

[0068] Referring to FIGS. 5 and 6, in the second mode, the surface of the photosensitive 
medium 110 is charged by the charging roller 120 up to the charged potential V CH a of about 900 
volts, the developing potential V DEV of about 400 ~ 500 volts is applied to the developing roller 
140, and the toner supplying potential V SU p of about 500 ~ 700 volts is applied to the toner 
supplying roller 150. Therefore, since the toner supply vector V s acts between the developing 
roller 140 and the toner supplying roller 1 50, a toner T can be supplied to the surface of the 
developing roller 140. At this time, since the exposure unit 130 is in the off state, an 
electrostatic latent image is not formed on the surface of the photosensitive medium 110. In 
addition, the developing current l DEV 2 flows from the photosensitive medium 110 having a higher 
potential to the developing roller 140. In the second mode, a value representing the developing 
current l DE v2 flowing between the photosensitive medium 110 and the developing roller 140 is 
measured at the current measuring circuit 170 in operation S21. 
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[0069] Since the toner T is positively charged, the surface potential of the developing roller 
140 increases as much as the potential V TO n of the toner T, and is raised up about 600 volts, 
and accordingly the developing current l DEV 2 becomes less than that in the first mode. The 
measured value of the developing current l DE v2 is inputted to the CPU 1 82 via the A/D converter 
181. The CPU 182 calculates the potential V TO n of the toner T on the surface of the developing 
roller 140 by using the measured value of the developing current I D ev2, and the known values of 
the charged potential V CH a, the developing potential V DEVl and the capacitance C 0 pc according 
to the following Equations (4) and (5). 

Idev2 = CqpqX (Vqha - Vdec " V T on) (4) 

Vton = Vcha - Vdec - Idev2/ Cqpc (5) 
[0070] Next, a thickness of the toner T attached to the surface of the developing roller 140 is 
calculated using the potential V TO n of the toner T in operation S23. The potential V TO n of the 
toner T generally increases as the thickness of the toner T attached to the surface of the 
developing roller 140 becomes greater. When the potential V TO n of the toner T is proportional to 
the thickness of the toner T, a proportional expression concerning a relationship between the 
potential V TO n of the toner T and the thickness of the toner T can be obtained, and when the 
proportional expression is used, the thickness of the toner T attached to the surface of the 
developing roller 140 can be calculated using the potential V TO n of the toner T On the other 
hand, when the potential V T0N of the toner T is not proportional to the thickness of the toner T, 
the above proportional expression cannot be obtained. In this case, after data concerning 
variations in the potential V T on of the toner T with respect to increase and decrease of the 
thickness of the toner T are stored in advance in the memory portion 183 as a lookup table, the 
thickness of the toner T can be estimated by comparing the calculated potential V T on of the 
toner T with the stored data in the lookup table. 

[0071] Next, the thickness of the toner T is compared with the allowable minimum thickness 
of the toner specified in the lookup table stored in the memory portion 183 in operation S24. 

[0072] When the thickness of the toner T is less than the allowable minimum thickness, 
information concerning replacement of the toner is displayed via the display portion 184 so as to 
inform a user of a replacement time of toner in operation S25. 

[0073] On the other hand, even in a case that the thickness of the toner T is the same as or 
greater than the allowable minimum thickness, when the thickness of the toner T is beyond a 
standard thickness range, it is preferable that the thickness of the toner T is controlled so that an 
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appropriate quality of an image can be obtained. 

[0074] To this end, when the thickness of the toner T is the same as or greater than the 
allowable minimum thickness, it is decided whether or not the thickness of the toner T is within 
the standard thickness range of the toner T specified in the lookup table stored in the memory 
portion 183 in operation S26. The standard thickness range is a preset thickness range of the 
toner T to be able to get an appropriate image quality. 

[0075] When the thickness of the toner T is out of the standard thickness range, the toner 
supply vector V s is controlled so that the thickness of the toner T can be within the standard 
thickness range in operation S27. Since the toner supply vector V s is defined as a difference 
between the toner supplying potential V SU p and the developing potential V DE v, as shown in the 
following equation (6) for example, the quantity of the toner T supplied to the developing roller 
140 is increased when the toner supply vector Vs is increased, and accordingly the thickness of 
the toner T attached to the surface of the developing roller 140 is increased. At this time, since 
a change in the developing potential V DEV affects the development vector V D , it is preferable that 
increase or decrease of the toner supply vector V s is achieved by controlling the toner supplying 
potential V SU p. In addition, data concerning variations in the thickness of the toner T with 
respect to increase and decrease of the toner supplying potential V SU p are stored in advance in 
the memory portion 183 as an lookup table, and the data is used for controlling the toner supply 
vector V s . 

Vs= Vsup-V D ev (6) 
[0076] On the other hand, when the thickness of the toner T is within the standard thickness 
range, the second mode of the method of controlling development according to the present 
invention is ended, and subsequently a normal printing job begins, or a third mode of the 
method of controlling development according to the present invention is performed. 

[0077] FIG. 7 is a diagram illustrating conditions for measuring a developing current in the 
third mode of the method of controlling development according to the present invention, and 
FIG 8 is a flowchart illustrating the third mode of the method of controlling development 
according to the present invention. In the third mode of the method of controlling development, 
a developing current l DEV3 is measured, the quantity of development on the surface of the 
photosensitive medium110 is calculated, and thereby the development vector V D can be 
controlled, and information concerning replacement of the photosensitive medium 110 can be 



16 



obtained. 



[0078] Referring to FIGS. 7 and 8, in the third mode, the developing potential V DEV of about 
400 ~ 500 volts is applied to the developing roller 140, and the toner supply potential V SU p of 
about 500 ~ 700 volts is applied to the toner supplying roller 150. Therefore, since the toner 
supply vector V s acts between the developing roller 140 and the toner supplying roller 150, the 
toner T can be supplied to the surface of the developing roller 140. In addition, the surface of 
the photosensitive medium 110 charged by the charging roller 120 to about 900 volts, and the 
exposure unit 130 scans a light beam over the surface of the photosensitive medium 110 to 
form an electrostatic latent image A E having the exposed potential Vexp. Therefore, since the 
development vector V D acts between the developing roller 140 and the electrostatic latent image 
A E , the toner T on the surface of the developing roller 140 is moved to the photosensitive 
medium 110 to be attached to the electrostatic latent image A E . At this time, the developing 
current l DEV 3 flows from the developing roller 140 having a higher potential to the photosensitive 
medium 110. In the third mode, a value representing the developing current I D ev3 flowing 
between the developing roller 140 and the photosensitive medium 110 is measured at the 
current measuring circuit 170 in operation S31. 

[0079] The measured value of the developing current Idevs is inputted into the CPU 182 via 
the AID converter 181. The CPU 182 calculates the exposure potential Vexp of the electrostatic 
latent image A E using the measured value of the developing current l DEV 3, and the known values 
of the developing potential V DE v, the toner potential V TO n, and the capacitance C 0 pc according to 
Equations (7) and (8) in operation S32. 

Idev3= CopqX (V D ev- Vton- Vexp) (7) 

Vexp = Vdev - Vton - 0dev3/ Copc) (8) 
[0080] In general, since the characteristics of the photosensitive film 11 2 of the 
photosensitive medium 110 deteriorate as the accumulated total number of printed papers 
increases, the exposure potential Vexp increases gradually. When the characteristics of the 
photosensitive film 112 deteriorates badly to cause the exposure potential Vexp to increase 
beyond a predetermined limit, the exposure potential Vexp is out of a controllable range of the 
development vector V D , and the quantity of development cannot be controlled properly. 
Therefore, it is preferable that when the exposure potential Vexp increases beyond the 
predetermined limit, the photosensitive medium 110 is replaced with a new one. 
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[0081] To this end, the calculated exposure potential Vexp is compared with an allowable 
maximum potential of the exposure potential Vexp specified in the lookup table stored in the 
memory portion 183 in operation S33. 

[0082] When the calculated exposure potential Vexp is greater than the allowable maximum 
potential, information concerning replacement of the photosensitive medium 110 is displayed via 
the display portion 184 so as to inform a user of a replacement time of the photosensitive 
medium 110 in operation S34. 

[0083] On the other hand, when the calculated exposure potential Vexp is the same as or 
smaller than the allowable maximum potential, the quantity of development is calculated using 
the exposure potential Vexp in operation S35. As the exposure potential Vexp becomes greater, 
the development vector V D defined by the following Equation 9 becomes smaller. Therefore, the 
quantity of development on the surface of the photosensitive medium 110 generally decreases. 
When the quantity of development is proportional to the development vector V Dj a proportional 
expression concerning a relationship between the development vector V D and the quantity of 
development can be obtained, and when the proportional expression is used, the quantity of 
development can be calculated using the development vector V D . On the other hand, when the 
quantity of development is not proportional to the development vector V D , the proportional 
expression cannot be obtained. In this case, after data concerning variations in the quantity of 
development with respect to increase and decrease of the exposure potential V EX p are stored in 
advance in the memory portion 183 as a lookup table, the quantity of development can be 
estimated by comparing the calculated exposure potential Vexp with the data stored in the 
lookup table. 

V D = V DEV + Vton - Vexp (9) 
[0084] Next, it is decided whether or not the estimated quantity of development is within a 
standard range of the quantity of development specified in the lookup table stored in the 
memory portion 183 in operation S36. The standard range is a preset range of the quantity of 
development so that an appropriate image quality can be obtained. 

[0085] When the estimated quantity of development is out of the standard range, the 
development vector V D is controlled so that the quantity of development can be within the 
standard range in operation S37. Since the development vector V D is defined as in the above 
Equation (9), increase or decrease of the the development vector V D can be achieved by 
controlling the developing potential V DEV . In addition, data concerning variations in the quantity 
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of development with respect to increase and decrease of the development vector V D are stored 
in advance in the memory portion 183 as a lookup table, and the data are used to control the 
development vector V D . 

[0086] On the other hand, when the estimated quantity of development is within the standard 
range, the third mode of the method of controlling development according to the present 
invention ends. 

[0087] In the above descriptions, the three modes of the method of controlling development 
according to the present invention have been described individually. However, the three modes 
of the method of controlling development according to the present invention can be performed 
together as previously mentioned. 

[0088] Now, the method of controlling development according to the present invention in 
which the three modes are performed together will be described briefly with reference to FIGS. 
3 through 8. Detailed descriptions of respective operations are the same as those described 
above. 

[0089] First, the first, second and third developing currents Idevii Idev2 and Idev3 are measured 
in the first mode, the second mode, and the third mode, respectively in operations S11, S21, 
andS31. 

[0090] The measured values of the first, second and third developing currents Idevii Idev2 and 
Idev3 measured at the current measuring circuit 170 are inputted into the CPU 182 via the A/D 
converter 181. The CPU 182 calculates the capacitance C 0 pc of the photosensitive medium 110 
using the measured value of the first developing current Idevi measured in the first mode, 
calculates the potential V TO n of the toner T on the developing roller 140 using the measured 
value of the second developing current I D ev2 measured in the second mode and the capacitance 
Copc, and calculates the exposure potential Vexp of the electrostatic latent image A E formed on 
the surface of the photosensitive medium 110 using the measured value of the third developing 
current I D ev3 measured in the third mode, the potential V T on of the toner T, and the capacitance 
Copc in operations S12, S22, and S32. 

[0091] Next, the thickness d of the photosensitive film 112 of the photosensitive medium 110 
is calculated using the capacitance C 0P c, the thickness of the toner T attached to the surface of 
the developing roller 140 is calculated using the potential V TO n of the toner T, and the quantity of 
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development is calculated using the exposure potential V^cp in operations S13, S23, and S35. 

[0092] Thereafter, the calculated thickness d of the photosensitive film 112 is compared with 
the allowable minimum thickness of the photosensitive film 112 specified in the lookup table 
stored in the memory portion 183 in operation S14. When the thickness d of the photosensitive 
film 112 is smaller than the allowable minimum thickness, information concerning replacement 
of the photosensitive medium 110 is displayed via the display portion 184 in operation S15. 

[0093] Subsequently, the calculated thickness of the toner T is compared with the allowable 
minimum thickness of the toner T specified in the lookup table stored in the memory portion 183 
in operation S24. When the thickness of the toner T is smaller than the allowable minimum 
thickness, information concerning replacement of the toner T is displayed via the display portion 
184 in operation S25. 

[0094] In addition, it is decided whether or not the calculated quantity of development is 
within the standard range of the quantity of development specified in the lookup table stored in 
the memory portion 183 in operation S36. When the quantity of development -is out of the 
standard range, the development vector V D is controlled so that the quantity of development can 
be within the standard range in operation S37. 

[0095] In addition, after the exposure potential Vbcp is calculated in operation S31 , the 
method further comprises the operation S33 of comparing the exposure potential Vexp with the 
allowable maximum potential of the exposure potential V EX p specified in the lookup table stored 
in the memory portion 183, and the operation S34 of displaying information concerning 
replacement of the photosensitive medium 110 via the display portion 184 when the calculated 
exposure potential V EXP is greater than the allowable maximum potential. 

[0096] In addition, when the thickness of the toner T is the same as or greater than the 
allowable minimum thickness in the operation S24, the method further comprises the operation 
S26 of deciding whether or not the thickness of the toner T is within the standard thickness 
range of the toner T specified in the lookup table stored in the memory portion 183, and the 
operation 27 of controlling the toner supply vector V s so that the thickness of the toner T can be 
within the standard thickness range when the thickness of the toner T is out of the standard 
thickness range. 

[0097] As described above, with the electrophotographic image forming apparatus and the 
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method of controlling development according to the present invention, a user can be informed in 
advance of information concerning replacement of consumables such as the photosensitive 
medium, toner and the like since the developing current flowing between the developing roller 
and the photosensitive medium is measured, and it can be decided by using the measured 
developing current whether or not the thickness of the photosensitive film is greater than the 
allowable minimum thickness, and the toner is consumed. In addition, since the thickness of the 
developer on the surface of the developing roller and the quantity of development on the surface 
of the photosensitive medium can be effectively controlled using the measured developing 
current, an image of a good quality can be obtained. 

[0098] The present invention can be applied to both dry type and wet type image forming 
apparatuses, and also can be applied to a colour image forming apparatus. Further, the three 
modes of the method of controlling development according to the present invention may be 
performed individually, and two or three modes may be performed together. 

[0099] Although a few embodiments of the present invention have been shown and 
described, it will be appreciated by those skilled in the art that changes may be made in these 
embodiments without departing from the principles and spirit of the invention, the scope of 
which is defined in the appended claims and their equivalents. 
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